Mitochondrial proteins, learning and memory: biochemical specialization of a memory system.
The enzyme cytochrome c oxidase is a mitochondrial protein complex that plays a crucial role in oxidative metabolism. In the present study we show that amounts of two of its protein subunits (cytochrome c oxidase subunit I [CO-I] and II [CO-II]) are influenced by both learning-independent and learning-dependent factors. Converging evidence has consistently implicated the left intermediate medial mesopallium (IMM) in the chick brain as a memory store for the learning process of visual imprinting. This form of learning proceeds very shortly after chicks have been hatched. In the left IMM, but not in three other brain regions studied, amounts of CO-I and CO-II co-varied: the correlation between them was highly significant. This relationship did not depend on learning. However, learning influenced the amounts of both proteins, but did so only in the left IMM. In this region, amounts of each protein increased with the strength of learning. These findings raise the possibility that the molecular mechanisms involved in the coordinated assembly of cytochrome c oxidase are precociously developed in the left IMM compared to the other regions studied. This precocious development may enable the region to respond efficiently to the oxidative demands made by the changes in synaptic connectivity that underlie memory formation and would allow the left IMM to function as a storage site within hours after hatching.